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(54) Kinematic lens mounting 

(57) A cell (20) for mounting a lens Includes a eet of 
resilient mounting structures whk;h can induds a plural- 
Ity of seats (34) affixed to radiaJ flexure mounts (22), a 
set of compliant soft mounts (38) or a comb1natk>n of the 
radial flexure nxHjnte and soft mounts. The radial flex- 
ure mounts (22) additionally include a pair of flexures 
(26, 30) extending at opposite ends of ttie flexure 
mount. The flexures permit the lens to mdlally expand 
and contract relative to the cell due to temperature 



changes. The seats (34) are affixed to the flexure 
mounts to prevent torsional moments on the flexure 
mounts due to gravity or vtoretfon. Additionally, there Is 
no torsion momerrt on the radial flexure mounts due to 
radial exparu'ron. The set of soft mounts (38) include a 
spring member (42) for distributing the gravitational load 
without ovetconstFalning the lens. 
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1 EP10B1 

Osscripfion 

BACKGROUND OF THE INVEIsmON 

Retd Qj the Inventtpq 5 

[OOCnj The present Invention relates to a lens 
mounting structure end In particular a quasMdnemati^ 
cany distributed periptreral lens mounllng aasenMy for 
mininiizing distortion of the lens due to giavtty and tern- io 
perature factors, 

Pe^rifrton pf ReiatecJ Art 

[0002] Designers of opttcallens systems are deve(- r5 
oping more poweffuJ, more eocursiB and hence more 
aophistlcatBd systems for many appllcaflons, such as 
serrriconductor Jtthograpliy applications for pradudng 
ssmfeonductor devloes. Tliese lens systems must be 
very accu rate and must minimize distortion of each Indi- 20 
vldual lens during assembly, storage and shipping of the 
systems* and further during opeiation of the lens sys- 
tems due to temperature changes and due to the effects 
of gravity on both the Individual lenses and the lers 
assemblies. 25 
[0003] Each lens typically te mounted in a lens ceil 
which is designed to provide unHtamn support for the 
Individual lens and to minimize mechanical pnobiems 
caused during assembly of the systems and those 
which can be caused due to temperature changes, so 
Generally each lens is mounted In a separate lens cell 
which provides en annular supportlbr the iena. The lens 
can be mounted In a variety of ways, such as by the uti- 
lization of mechanical elements for example, dampa^ 
dlpe. screws, alone or combined with, retaining rings or as 
adhesive, such as an apoxy. The stresses' cauaed tiy 
the mounting etements, gravity and In particular, stress 
and distortion caused by expansion and contracHon of 
the lens and cell due to temperatum changes can seri- 
ously effect the optical charaderistics and therefore the 40 
operation of the lens systems. 

[0004] These undeslratsle effects ere magnffied by 
the mounting together of a piur&ltty of tha lens cells 
stBcksd on one another to fbrni ttse lens system. The 
lens oell3» which can Include ten to twenty incfividuai 45 
cells, are assembled together In a unitary fashion, typi- 
cally In a lens barrel assemtsty. The assembly must pre- 
cisely aUgn and position each of the lenses and 
maintain the proper optical alignment within strict toler- 
artces, both axlalty and radially. PrBtlBrBbly« the lenses so 
in^duaHy are mounted In the cells and then the cells 
can t>e accurately assembled In the lens systems With a 
minimal effect on the optical euriiaces of the individual 
lensesL 

£0005] As stated. It Is laarticulany desirable to mini- 25 
ntize stress and distortion for the inifividual lenses and 
the lens mounting structures utilized In semiconductor 
Itthography apperstus. Such apparstus Is used to |9hoto- 
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lithographically form extremely small feature size struc- 
tures in Integmted dmuits. These features are 
contmuousiy t>elng reduced In size to less than one 
micron, now commonly a fraction of a rhicron. Accord- 
tngly, even extremely small distortions In a lens of these 
lens systems can represem a significant accuraey/allgn- 
ment problem In such pnectsion appllcafions. 
[0006] An exempie of a structure for mounting a 
tens In a lens cell artd then into a lens barrel assembly 
is disclosed In U.a Patent No.4»733,945 Issued to Bac- 
ich. Bacich adhesively bonds a lens to a cell at three 
seating points tocated on cantilever type flexures 
fomied in the cell. As the ceil and lens expand and con- 
tract relative to one another because of temperature 
varfaUons. tine cantilever flexuras are Intended to tiend 
so that the lens does not become distorted due to 
mechanical stress. For some applications: however, the 
Badch structure has aevenal dnawtiaiAs. Rrst. because 
Badchs lens Is mounted and supported the ceil at 
three peripheral locations, ^a/KationBl force can cause 
the lens to sag between the mounts. While the sagging 
problem could be addressed by adding more seats to 
the Baclch structure, adding such seats could cause 
additional problems. For example, culdlng additional 
eeats may overHOonsirBin the lens in the direction of the 
optical axis. Also, because of machining Imperfections, 
the lens seats rrwy not be copianar, which also may 
introduce mechanical atrsss and distortion of the lens. 
IO007] Another potantial drawbadc of the Baclch 
design Is that the cantflevertype flexure b subjected to 
toreionar stress due to loading In the direction of the 
optical axis. This nsduoes the stiffness of the lens seat In 
the optical axis direction, thereby reducing the natural 
frequency of vibration of the flexure. If the natural fre- 
quency of vibration Is too low, this may promote undesir- 
able vibration of the lens and hence distortion of the 
optical properties of the lens system. The cantilever 
flexures also have an aEymmetrlcai shape which can 
cause some rotational torque on the lens when the flex- 
ures deflect. 

toooa] Some prtor ceO designs utilize more than 
three radial flexures, which are attactied tothe lens with 
adhesive and without mechan i cal seats. Tills substan- 
tially elintinsABS machining tolerance induced errors, 
discussed atwve, but these designs still are sensitive to 
uneven heating and directly transfer oeQ distortions to 
the lens. 

(0009] The prior mechanical clamping designs utl- 
Ozed witti flexure structures constrain the radia] compli- 
ance of the lenses. When adhesive Is utizad, it can 
cause problems whh outgassmg, long-term stability, 
contraction end placement stabOtty during curing, long 
assembly times due to long curing times and difficulty 
during diBassemk)ly, adjustment and reassembly. 
KOOlO] It thus would be deslneble to achieve mount- 
ing of a lens Mnematically or quBsi-klnematically in a 
cell «flth ifie lens support dtstrfbuted around Itte iseriph- 
ery of the lens and a minimum amount of distortion and 
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avoiding owerconstreint due to the lens mounting struc- 
ture, the giBwity effects on the mounted lens end the 
stresses caused by temperature charges. 

SUMMARY 

[0011] A quasMdnematic, distributed peripheml 
support lens mounting asserri)ly for minimizing distor- 
tion of a lerts due to gravity and temperature factors is 
provided by the present invention. The kens mounting 
assembly Includes a ceU (or mounting a lens therein. A 
plurality of the ceUs can then be assembled together to 
form a lens system or lens barrel assembly. Each cell 
contains a set of seats afflMed to radial fleacure supports 
formed In the can. The ftexures pemiR the lens arxf cell 
to eoqsand and contract dlflierentially due to temperature 
changes, while minimizing forcas on. end resutUng dis- 
tortion of the lana element The center of the lera does 
not shift relative to the cell during uniform temperature 
changes. The seeAs ere affteed to each r&diai flexure 
mount to prevent twisting or bending moments on the 
flexure due to gravity, dVfaientia] expansion or vibration. 
[0012] TTte tens prefiarably has three mounting 
seats evenly spaced around the lens. The seats are 
machined to match the surteee contour (e.g., fiat, coni- 
cal spherical, etc) of the lens. The size of each seat is 
mtrdmized to reduce tfie ower-oonstraint effects of non- 
matching surfaces without axoeading the aUowable con- 
tact pressure of the Isns matertal. Altematlvoly. a point 
contact could be used at the seat (e^.. flat seat on 
spherical lens* or convex seat on flat lens surface) to fur- 
ther reduce the posslbinty of overconstralnt V the lens 
material can tolerate the contact atresses. 
[0013] TTie cell also can Include a set of soft mounts 
in addition to the seats fbr further distributing the gravl- 
tafional load viAhout overconstrainingthe lens. The soft 
mounts preferably are evenly spaced around the periph- 
ery of the lens, behween the radial flexure mounts. The 
soft mountB are highly compliant and bear against one 
side of the lens to counteract the effects of gravliy. Each 
soft mount is preloaded such that the force exerted 
against the tens is' equal to the total weight of the lens 
dhfided by the oomfaiiied number of seats and soft 
mounts. This ensures that the weight of the tens is car- 
ried equally by all the seats and soft mounts. 
[OOI 4] Ab the lens expands and contracts relative to 
the cell due to temperature variations^ the tangent fiex^ 
ure mounts twnd radially so that the lens Is not sub- 
jected to high loads which can cause mechanical 
distortion. Each lens is affixed to each associated radial 
flexure mount on tfie seat positioned such that there 
suk)stanfially Is no torsion moment on the flexures due 
to forces such as gravity or machanicar vbraHon. The 
lens seats are positioned substantially In the csnter of 
the flexure mounts so that there Is no torsion moment 
on the flexures due to radial eoqpanslon. TTie flaxuree 
hawe a tangent flexure structure which preventa rotation 
of the lens due to dmenenllal axpansioa 



[0015] The lens Is clamped to the lens seat virithout 
effecting nadiel conpRance of the flexure mount in one 
embodiment, a compliant clamp urges the ier\s against 
each seat. Because this damp is compHant. the damp- 

5 ing fbrce which clamps the lens against the ceil seat 
relat'iVBly insenslflve to machining tolerances. assemtiJy 
techniques and temperature variations. The compliant 
damp also minimizes radial or tangential forties or 
moments on the lens. This meohanica] clamp also 

10 allows repeated essembly and disassembly of the cdl 
without having to apply or break adhesi^ t>onds. 

BRIEF DESCRIPTION OF DRAWINGS 
15 [0016] 



Fig. 1 Illustrates a cross section of one 

embodiment of a lens to t»e quas^- 
kinematically mounted In a cell In 
so accordance with the present Inven- 

tion. 

Fig. 2A illustrates a perspective view of one 

embodiment of a cell fbr mounting 
2S the lens In accordance with the 

present invention. 

Fig. 28 IIIustrHtes an enlarged partial per- 

spective view of the ceil of Fig. 2A. 

so 

Fig. 2C lllustretes an enlarged top view of a 

radial flexure mount In accordance 
with the present Invention. 

36 Fig. 3 Illustrates an exploded partial per- 

spective view of the cell and sup- 
ports of Fig 2A. 

Rg. 3A Is an enlarged partial cross-sec- 

^ tlor al view illustrating the soft rrount 

of Fig. 3 supporting a lens. 

Fig. 4 fHustratee a diagrammatic top view 

of the lens mounted in the cell by a 
45 plurality of soft supports aJong with 

three radial flexure lens supports. 

Fig. 6 Mtustratss ttie operation off a tool uti- 

lized to mount the lens In the radial 
» flexure supports without causing dis- 

tortion. 

Figs. OA-C iUuslrHte one embodiment of a 
clamping spring which damps the 
B lens against the flexure supports. 

Fig. 7 is an eocploded perspective Dlustna- 

tlon of the damping spring i 
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Fig. B illustrates a second a!temativB 

embodmem of a lans oeU. 

Fig& BA and 9B aie exploded partial vienvs of the 
lens can of Rg. 8, Mlustrating the 
assembly theiaof. 

frig. 1 0 is an enlarged perspective view IIIus- 

tratlng a second embodiment of a 
clamping spring assembly aoeordrng 
to the preserr! invention. 

Fig. 11 is an enlarged side perspecttve view 

Wustnatlng details of the lens damp 
t)k)ck shown In Rg. 10. 

Fig. 12 Is a flowchart showing a method for 

fabricating semiconductor devtoes 
by an apparatus according to tha 
present InventiDn. 

[001 7] LKItzatton of the same reference numerats in 
different Figs. Indicates similar or Idertlcal elements, 
structuiBlly and^or fur«tlona&yi 

DETAILED DESCRIPTION OFTHE PREFERRED 
EMBODIMErNTTS 

[0018] Referring to Fig. 1. one embodiment of a 
lens 10 is Illustrated in crass-section. In one embodi- 
mcm, the lens 10 can be utilized in a semtoorKluctor 
lithography apparatus <not Illustrated). The lens 10 typi- 
cally has a diameter D on the order of two hundred 
(200) to three hundred (300) mm (about 1 2 inches), and 
weighs on the order of between 1 and 6 kg. However, 
other sizes and weights can be utilized and are contem- 
plated In the scope of the present Invention. The lens 1 0 
preferably Includes a circumfererrtial ridge 12 formed on 
a peripheral edge 14 thereof. The ridge 12 Is not 
required, but is advantageous to IncfBase tha useful 
optical surfeca of the lens 10, to subsiantiaily reduce 
optical defonnatlon of the edge of the lens 10 due to 
mechanical clamping force, and to eliminate radial com- 
ponents of clamping forces on the lena 10. In the prior 
ar^ the lens Is often damped or secured on a peripheral 
surface portion 16 of the lens, which blocks the optical 
surface of the periphery of the lens, can deform the lans 
aurfaoe and, because the lens surfaoe which to damped 
at the pariphemi aurfiace portion 1 6 is curved, imparts a 
radial force on the lens which also can cause dlfitortlon. 
Because the lans 10 Is held and clamped on the ridge 
12, any dafbrnmSion and distortion of the lens 10 optical 
path caused by the mechanical damping, deseilbed 
hereinafter Is minimized. 

[D01B} Refening to Figs. 2A > 2C^ a first embodi- 
ment of an Improved cell 20 for mounting the lans 10 Is 
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UlustratedL The can 20 is formed from a precision mate- 
rial, such as brass, which forms a very stable mounting 
structure for the lens but also can be prectslori 
machined where desired. The cell 20 indudes a plurality 

5 of radial flexure mounting structures 22 onto which the 
lens 1 0 Is mounted. Each radial flexure mount 22 Is 8ef>- 
arated from a main body or ring 24. of the ceD 20 along 
a slot 26 fomned rn the body 24. The radial ftaxure 
mount 22 Is stIB integmily connected to the body 24 via 

JO flexures 26, 30 at opposite ends of the radial flexure 
ntount 22. The racfial flemire mounts 22 are fbmned on 
an Inner waH 32 of the cell body 24. Preferably there are 
three (3) radtel flexure mounts formed on the wall 32 of 
the ceO 20. Each of the radial flexure mounts 22 

75 Indudes a lens seat 34 fbrmed Integrally or attached to 
the midpoint of the radial flexure rrvkunt 22. This center 
mounting position suttstantiany elimlnatea ariy torsion 
momem on the radial flexure mount 22 due to the differ- 
ential radtel expansion of the lens 10 and ttie cell body 

20 24. The flexures 28, 30 are constructed as oopianar thbn 
. jiat plates so that the radial flexurs mount 22 has low 
radial atlfrnass and high tangential and axial (vertical) 
fitmness. In addition, the flexures 28, 30 are pes&ioned 
so ttiat a plane defined by the flexures 28, 30 Interaeds 

25 the apprax'mate center of the seat 34^ as shown in Rg. 
2a TNs positioning preventa tangential and axial (verti- 
cal) forces from creating moments on the rsdial flexure 
mount 22. The radial flexure mount 22 additionally 
includes a locator slot 23 Into which a spring assembly* 

go described hereinbelow. can be mounted. Tills radial 
flaxurs mourning 22 structure provides a desirable three 
(3) point mounting platform for the lens 10. 
[0020) The cell body 24 also indudes a plurality of 
soft mount cutouts 36. %vh1ch are utilized with a plufallfy 

as of soft mounts or supports 38, as Hlustiated In Fig. 3. 
Each of the cutouts 36 communicate with the Interior of 
the cell body 24 through respective passagew^ 40. 
Each soft mount 38 indudes a reslllsnt tongue or blade 
spring 42 which is sizedto eoctend through the paasage- 

40 way 40 when mounted on the cutout 36. The blade 42 is 
held between an upper block 44 and a lower blodc 46, 
which are clamped together by securing dairioes, auch 
as bolts 48. The blades 42 are posttioned at an angle 0, 
defined by the blade 42 and a plane orthogonal to the 

4s Inner wall 32 of the ceil body 24, euch that when the 
blades are deformed by e desired fraction of the lens 10 
weight, e tip portion 50 of the blade 42 Is parallel to the 
surface of the rid^ 12 on the lens 10. This is illustfBted 
in Fig. 3A. A postion of the blade 42 Is shown with a bro- 

30 ken nne in Fig. 3A when ttie lens 10 is not toaded Into 
the cell 20. The bolts 48 also are utilized to mount ttie 
soft mounts 38 In the cutouts 36. The tip portion 50 of 
ttie blade 42 extends threu^ ttie passagemfsy 40 and 
formsaptursnty of support members for the lens 10, in 

55 addition to tha racial flexure mount seats 34. 

pnizi I A set of the soft eupports 38 are sslected for 
distributing the grai^ional load without oMsrconstrsln- 
Ing the lens. In one praferred embodiment, as lllusttBtad 
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in Rg. 4. the soft supports includB a set of nine (9) can- 
tllevar tiiades 42 for supporting a portion of the wtf ght of 
the lens 1 0 In the optical asds dhnsction. The oantDaver 
blades 42 are compliant In the optical axis direction. 
TherefofB, thay do not overoonstrain the lens position- 5 
ing as detenmtned by the three seats 34 on the mdlal 
flexure mounts 22. Insteaci the blades 42 simply pro- 
vide more distributed support of the lens 10 to counter 
any distortion due to gravttyi An additional advantage of 
the soft mounts' oomplianoe Is the low sensnMty of sup- 10 
porting Ibioe to mechanical machining tderances. Also. 
If the cell 20 is dSstorted, e.g., because It is praasad 
against a nonflat suffBce. the call distortion wHj not 
cause a corresponding significant lens distortion. 8ps- 
ctfically. 0ven if cell distortion attera the location of one rs 
of the lens seats 34. tiecause the lens 10 Is not eimrcon- 
strained In the opiical direction, any reeutling distortion 
of th e tens 1 0 WUf be minimized. 
[0022] Preferably the 80ft mounts 38 should also be 
compliant In the radial direction to allow dlffisrential so 
expansion. Cantilever springe are not compliant In the 
radial direction and can therefore create undesirable 
radial forces. The maximum undesirable force on the 
lens 10, however. Is Bmlted by the low contact force and 
the coefficient of friction between the cantilever spring as 
tip 50 and the lens 10. AlteniBtNa sofR mount spilngs 
are possble. Including compressed or extended coll 
springs, magnetB, or other aultabie springs, which may 
or may not have ladial complianoa. 

[0023] The set of nine (9) soft mount blades 42 ars » 
evenly spaced In sets of three (3) between each of the 
three (3) radial flexure mounts 22. as illustrated In Hg 
2A and dlagrammatically in Rg. 4. This distributes the 
load and provides along with the seats 34 a nearly sym- 
metrical lens support, with each blade 42 end each seat 35 
34 des^ned to support one tweffth of the giavitational 
load of the lens 10. Other sets of soft supports 36 also 
could he ufillzed, such as three (3), six (6), or more, 
which can also be evenly spaced wHh the easts 34. 
[0024] Whitethe lens 10 reslson the tip portions 50 40 
of the blades 42, the lens 10 preferably Is mechanically 
clamped to the radial flexure mounts 22 by a spring 
Bssembly 62. The spring assembly 62 is -iilustratsd in 
Rgs. 3, 5, 6A-C and 7. The spring assembly 52, 
Includes a spring member 54, best illustrated in the 4s 
defbrmed state in Rgs. GA-C. Tlie spring member 54 
indudee a first spring portion 56, which b deigned to 
bow in one dlrsdton with a plurality of slots 58. Ths por- 
tion 56 Is sepaietBd from a second oppositely bowed 
spring portion 60 by a longlitudinal slot 62. so 
£0026] The spring asserrMy 52. best BlustiHtBd In 
Rg. 7, Includes the msmber 54, a locator plate 64, a 
damping block 66 end a spacer block 66. The plate 64 
indudes an aperture 70 fbr locafing spBcer bitxk 68, a 
mounting aparture 72 and a locasor slot 74 man end 76. « 
The spring member 54 end the block 66 indude match- 
lug mounting apertures 76, 60. The block 66 further 
includes a depending k)CBt!ng portion 82, which bears 
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against the member 54 and fits into the locator slot 74, 
when the spring assemtsly 52 is mounted onto the radial 
flexure mount 22. When the spring assembly 52 is 
mounted onto the radial fiexura mount 22; the locating 
portton 82 of the clamping block 68 fits Into the locsior 
slot 23 of the radial flexure mounL The spring assamlily 
52 Is secured together and rrtounted with a bolt 84, such 
as a hex socket head bolt as illustrotBd. The spring 
assembly 52 is mounted utilizing the bolt 64 and an 
eppraprlaie wrench 86, which is utilized to tighten the 
bolt into a threaded passagew^ 68 (Fig. 2B) in the 
radial flaxure mount 22. To avoW pladng torque on the 
radial flexure mount 22 or the lens 10, an antMorque 
tool 80 is engaged Into a pair of apertures g2 (Rgs. 2B 
and 20) formed In the top of the radial flexure mount 22. 
The tool 00 Indudes a pair of anrns 94, each of which 
Include a pnn or rod 96 which matches the apertures 92 
and is engaged therein to pfovent stress when the bolt 
84 is tightened. The tool 90 Indudes a handle 88 from 
whkrh the arms 94 extend and which is utiDzBd to main- 
tain the spring assembly 52 In the proper location during 
assemtsly and disassembly. 

[00261 Referring to Rgs. 8, 9A and 9 B. a second 
emtxicfment of en improved lens cell 100 of the present 
invention is Illustrated. The cell 100 Is very sknllar In 
overaP structure to the ceB 20 and the same numerals 
are utilized to indicate the same orfunctionally the same 
elements, describing in detail only the rruyor dlfferanoes 
in the oeO 100 and the mounting structure thereof. The 
cell 100 has a plurality of radial flaxure mounts 102, 
which are very similar to ths radial flexure mounts 22. 
but are formed to support a dlflbrsnt spring assembly 
1 04. The spring as8emt>ly 1 04 is functionally similar to 
the spring as se m b ly 52, however, the spring assembly 
104 difliefB In structure as dsseribed below. 
[0027] The radial flexure mounts 102 Indude the 
lens seats 34 as twfbre. Addltionallv; the rsdlel flexure 
mount 1Q2 and flexures 100, 110 are formed ksy a slot 
106 in a ceil body 1 0B, as In the aboM described 
emt)odiment In this second errtldodlment, however, a 
leaf-type clamping spring 116 provides the clamping 
force on the lens 10. The clamping spring assembly 1 04 
Includes an etongatad damping block 112, which has a 
nocdi 114 fornted in one side tfiereof to aeoomnrxxiafee 
the mounting and flexing of the leaf-type spring blade 
member 1 16. 

[0028] As shown in 1 0, the spring member 116 
Is mounted into a second notch 1 18, which is formed in 
the bottom of the block 1 12 and extends beyond the 
notch 1 14. The spring member 116 reslDently biases a 
lens damp l^tock 120 having top and bottom arms 121 . 
123 to damp the lens 10 (not Illustrated) into the seat 
34. TTie block 120 is sOdingly engaged In an alignment 
slot 122, which is fomried m the radial flexure mount 
102. The clamping spring assembly 104 is mounted 
onto the radial flexure mount 102 utilizing a pair of kw>llB 
GI4, which are threaded Into mating threaded pftssage- 
ways 86 fbrmsd in.ttte top of ttie radial flexure mount 
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102. A& shown m greater detell in Rg. 11. Ifie Isns 
damp Mode 120 has two slots 125 tormsd on an upper 
and lower surface of the top arm 121, which define a 
flexural hinge 127. The flexural hinge 127 allows a tans 
contacting surface 129 of the lens damp tioek 120 to 5 
confomi to the lens 10 when damped, so that small var- 
iations rn the mechanical dimensions of the lens 10 or 
the radial flexure mount 102 do not prevent surface con- 
tact of the clamp. 

[0029] Referring back to Rg. BA, the damping 10 
spring essemtaly 104. again is mounted with the tofts 
84, whDe aOgned against torque stresses utilizing an 
antitorque tool 124. The tool 124 again has a pair of 
arms 126. 126, each of which include tfie depending rod 
96, which again are engaged Into the apertures 82 15 
fbrmed in the radsl flexure mount 102. The tod 124 
again sutntantiBily eliminates torque Btresses during 
assembly and dlassembV of the damping spring 
assemb^ 104 on the radial flexure mount 102. 
{0030| The lens ceil 1O0 aiso preiBrBbly brcludas a 20 
piurality d soft mounts 130, which ate funcOonally 
equivalent to the soft mounts 38 deacrbed atiovB with 
respect to the first embodiment The mounts 130 
Indude the blade 42, damped by a pair of the bolts 48 
inserted through a pair of dova-taDetf btocks 1S2 and sb 
1 34. Or»e of the pair of btocks 134 tndudes a pair d end 
notches 136. 138 which aie mated with a pah of oom- 
plemantary fingerB 140, 142 formed on the other of the 
pair d btodcs 132. The dove-taDed structure formed by 
the blocks 132, 134 Insures that the docks 132. 134and so 
tilade spring 42 do not slip rslanve to each other when 
the bolts 48 are tightened. 

[0031] As deserfced, the present invention includes 
a mechanically damped lens 10 which is oonstralirad 
quasi-ldnematicany around the perimetBr 1 6 of the lens, as 
The ceD 20 orlOO pnnrides a three point mounting on 
small area seats 34 to avoid any substantial overoon- 
stmlnt of the lens 10 by the flat surfiooe contact provided 
by the seats 34. Each d the seats 34 ars part d the 
radial flexure mounts 22 or 1 02 which allow radial differ- 4o 
entlal eocpansion of the lens 10, but wtiich are stffT both 
vertically and tangentially to maintain a high mounting 
stHfnass of the lens 10 which provides the desiratYls 
high frequency resonant modes. The spring asaamkHy 
52 or 104 mechanicaliy clamps the lens 10 cTiredly 45 
atxwe the seats 34 to eliminate any potential moments 
caused by ofliBets betyueen the clamp and seat forces.'^ 
By mechsnicafly damping the lens 10, the problems 
inherent In adheslves of outgasdi^ and destnjcclve dls- 
eeaemtilY em avoided. By providing the spring assem- so 
biy 52 or 104 with the compfiam clamping mechanism 
disclosed, the damping fbroe ts appfied sutystantfaOy 
uniformly and constantly, despite some potantlai 
mechanical onti dimensionaJ differanoes due to 
mechanical tolerences. The damping mechanisms are ss 
attached to ths radial flexurs mounts 22 or 102 to pre- 
vent overDonstraint d the lens 10 due to dfferentlaJ 
expansion d the lens 10 end ceB 20 on 00. 



521 A2 10 

[0032] in an attemathra eirangemem to that 
descrOaed atxsve, ths locations d the spring assembly 
52 or 104 and the tens seat 34 can be dtanged to other 
places on the lens ceO 20 or 100. For example, each 
lens seal 34 can be providad on the inner wall 32 with 
the spring assemtsly 52 or 104 provided above the lens 
seat 34. in this arrangement, the radial flexure mounts 
22 or 102 function only to provide radial aiignmant 
(Dtl33] The addition of the soft mounts 38 or 130 to 
the support structure provided by the radial flexure 
mounts 22 and 102 further spreads the gravitational 
load from the three seats 34 to an eddltionBl number of 
points, preferably twelve as described. The ^plicants 
have analyzed ttie lens loading and have determined 
that the twelve peripheral support points on the lens 1 0 
provide sutsstanttaOy optimum performance for proven- 
don d gravity deTomiation. Those skilled in the art 
would necagnize that larger and/or thinner lenses or 
more stringent lens ddormatlon specifications may 
require additional soft mounts. The blades 42 of the soft 
mounts 38 or 130, prsfisrably are highly conripliant canti- 
iever-type springs formed from a flat material (e.g., 
metal, ceramic or other suitably flat material) of vary 
precise thiclcness. The precise thickness minimizes the 
stiffness variatton between the blades 42. Any vaifation 
in thlcloriess also can be compensated by varying the 
width of the blades 42 to maintain the desired unlfDmrilty 
in stiffness. The slots 26 and 106, as well as the bladas 
42 preferably are formed by utilizing wire electron cfis- 
charge machining (EDM), which Is vary predse and 
does not preeta Internal stresses in the material. Alter- 
na^ly. the trades 42 could be replaced by coif springs 
or other types d biasing mechanlsnnB (nd IHustrated). 
[0034] The lens mounting stmcture according to 
principles of the present Invenflon Is appDcable In a pho- 
tonthograpiiy system (exposure apparauis) such as a 
soartning type photoOhography system which exposas 
a mask pattern on a sutistrBte by moving a mask, held 
on a mask stage, and a subarate^ held on a substrata 
stage, synchronously (see US Patent 5,473,410). Addi- 
tionally, the present Invention is applicable to a step- 
and-repeat type photonthography system that exposes 
a mask pattern white a mask and a substrate are sta- 
tionary and moves the sutistrate In suooesshie steps. 
Further, the present inventton can also be applied to a 
proximity photdBhograpliy system that epcposes a mask 
pattern by closely locating a mask and a substrata with- 
out the use d a pmjedion optical system. 
[0035] The use d a photonthography system need 
not be Dmited to a photdtthography system In semicon- 
ductor manufacturirig. For Instance, It can be wklely 
applied to an UOD photolithography system whfch 
exposes a Uquid cfystd display device pattern onto a 
rectangular glass plata and a photoDthography system 
fbr mamifacturing a thin film magnetic head. 
1)0038] In lamfw of a Bght source fbrthe photoBthog- 
fophjf system according to the praaent tnvantlon, not 
only g-fine (436 nm). Mine (385 nm), ICrF axdmer laser 
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(248 nm), ArF excamer laser (193 nm) arid F2 laser (157 
nm) cart be used, but also charged partide beams such 
as x-ray and electron beam can be used. For Instance. 
In the case where an electron beam is used, thermionic 
emission type lanthanum haxaboride (LaB^) or tantalum 5 
(Ta) can be used as en electron gun. Furthemiore, in 
the case where an electron beam Is used, the structure 
could be such that either a nrmsk Is used or a pattern 
can be directly formed on a substrate without the use of 
a mask. 

[0037] In terms of the magnification of a projection 
optical system included In the photolithography system, 
the system need not be limrtad to a reduction system it 
could also be a 1x or magnificBtion system. 
[0038] With respect to a prcjecUon optical system, 15 
when far ultra-violet rays such as the excimer laser is 
used, glass materials such as quartz and fluortte that 
trartsmEt far ultm-violet rays is preferable to t>e used. 
When the type laser or x-ray Is used, the optical sys- 
tem should preferably be either cstacfioptrte or refractive eo 
(a reflcte should also preferatjiy be a reflective type), 
and wrhen an alectron beam is used, electron optics 
should prefsratjly consist of electron lenses and defleo- 
tois. Needless to say, the optical path for the elaciron 
beams should be in a vacuum. ss 
[003S] Further, In photolithography systems, when 
linear motors (see US Patent 5.623,853 or 5,528.11 8) 
ana used In a sut)strate stage or a mask stage, the linear 
motors can be either an air lavttatton type employing air 
bearings or a magnetic levltatlon type using Lorentz so 
force or reactance force. Additionally; the stage could 
move along a guide, or it could be a guideless type 
stage which uses no guide. 

[0040] Alternatively, the stage could t>6 drtven by a 
planer motor, which drives the stage by electromagnetic as 
force gerterated by a magnet unit having two-dimen- 
sionally arranged magnets end an armature coll unit 
having two-dlmenslonaliy arranged coils in tacrng posi- 
tions. With this type of driving system, either one of the 
magnet unit or the armature coil unit Is connected to the 40 
stage and the other unit is mounted on the moving plane 
side of the stage. 

[0041] Movement of the atagas as described above 
generBtas reaction forces which can affect perfbrmance 
of the photoQthography system. Reaction Ibroes genar- 45 
ated by the wafer (sitetrete) stage motion can be 
mechanicany released to the floor (ground) by use of a 
frame member as described In US Patent 5,526,118 
and published Japanese petem JP IHei 6-166475. AddK 
ttonally, reaction fbroes generated by the reticle (mask) bo 
stage motiofi can be mechank»l!y released to the floor 
(ground) by use of a frame meinbar as described in US 
Patent 5,074,620 end published Japanese patant JP 
Hei 8-330224. 

ID042] As described above, a photolithography sys> 55 
tarn according to ttie above described embodimenfis 
can be buUt by asaembfing vartous subsystems, includ- 
ing each element iistad in the appended claims, In such 
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a manner that prescrit>ed mechanical accuracy, elsctri- 
cal accuracy and optical accuracy am maintained. In 
order to maintain the various accursdes, prior to and 
following assembly, every optical system is adjusted to 
achieve its optksl accuracy. Similarly^ every mechanical 
system end every electrical system are acQu^ed to 
achieve thair respective mechenkial and electrical accu- 
racies. The process of assemtHIng each subsystem Into 
a photoDthography system Includes mechanfcal Inter- 
f^uses, electrical cfrcult wiring connections and air pres- 
sure plumkMng connectiorv t>etween each sutisystem. 
Needless to say^ there is also a process where eeoh 
subsystem is assemtried pMor to assembling a photoli- 
thography system from the vartous sutssystems. Once a 
photoHthogrophy system Is assembled u^g the various 
sut>system8, total adjustmerrt Is performed to make sure 
that every accuracy Is maintained In the complete pho- 
tollthograpiiy system. Addittonally, it is desiraksle to man- 
■ ufactura an exposure system In a dean room where the 
temperature and deanllr^ess are controlled. 
[0O43] Further, semlconductDr devices can be fabri- 
cated using the above descrll^ed systems, by the proc- 
ess shown generally In Ftg. 12. In step 1201 the 
device^ function and performartce chaiacterlstics are 
designed. Next, In step 1202, a mask (ratk^) hstvlng a 
pattem is designed according to the previous designing 
step, and in a parallel step 1203 a wafer Is made from a 
slBcon material. The mask pattem designed in step 
1202 is exposed onto the wafer from step 1203 in step 

1204 k>y e photolithography system described her^rv 
at>ove in accordance with the present invention. In step 

1 205 the semiconductor device is assembled (including 
the dkiing process* bonding process and packaging 
process), then finaHy the device is Inspected in step 
1206. 

[0044] l-laving thus described the invention in con- 
siderable detail with rsferar^e to certain preferred 
embodimentB thereof, it will be appreciated that other 
embodiments are possitde. It will be understood by 
those skilled in the art that many changes in constmc- 
tlon of the Invention will suggest themselves without 
departing from the spirit and scope of ttie invention. 
Therefore, the spirit and scope of the appended claims 
should not be limited to the deacrlptlon of the preferred 
embodimentB contained therein. 

Clalfra 

1 . A structure for mounting a lens (1 0), comprising: 

a lens cell member (20; 1 00) capable of hokilng 
the lens (10) areund a pertphery thereof: 
a plurality of radial flexure mounts (22; 102) 
affiXBd to the lens ceD member (20; 100), each 
radial flexure mount including a pair of lleKures 
(28, 30; 100» 110) extending at opposite ends 
of the radial flexure mount and a seat (34) 
afflxad a> tlia radial flexure mount fbr mounting 
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the lens periphery; 

and a plurality of eoft mounts (38; 130) dis- 
posed between adjaoent radlaJ flaxura mounts, 
each soft mount fnducfing a resIDent support 
(42) contacting the lens periphery to support at 
least part of the weight of the lens, 
whenain ends of the pair of flexures (28, 30; 
1 09, 11 0) are fixed to the lens cell member (20; 
100) and the flexures can bend msHaitf to 
accommodate expansion or contraction of the 
lens cell member due to temperature chartges 
wrhfle m}n1mizing stress on the lens. 

2. The structure of claim 1. wherein the soft mounts 
(38; 130) Include a cantiJsver blade member (42) 
reslliently supporting a portion of the weight of the 
lens (10) on the periphery thereof. 

3. The structure of claim 1, wherein the soft mounts 
Include a spring member resiHently supporting a 
portion of the weight of the lens on the periphery 
thereof. 

4. The structure of any of the dalms 1 to 3, wherein 
each seat (34) extends from a midpoint of the radial 
flexure mount (22; 1 02) auch that the lens (1 0) rests 
against the seat at a location In the plane of the flex- 
ures (28, 30; 1 09. 1 1 0) so that axial motion of the 
lens does not exert adverse effiectB on the radial 
flexure mounts. 

6. The structure of any of the daims 1 to A, wherein 
the radial flexure mounts (22; 1 02) include a spring 
assembly (52; 104) mounted thereon to reslliently 
clamp the lens (1 0) onto the seat (34). 

6. An exposure apparatus which transfers a pattern 
onto a substmte, trie exposure apparatus Including 
the lertt mounting structure of any ofthe claints 1 to 
5. 

7* A structure for mounting a lens comprising: 

a lens ceD member (20; 100) capable of holding 
the lens (10); 

a piuralily of radial flexure mounts (22; 102) 
Integrally formed with the tens cell member (20; 
100). each radial flexure mount having a seat 
(34) formed thereon for mountirtg the lens and 
a pair of flexures (28, 30; 109. 11 0) extending 



tion of the lerts cell member (20; 100) due to 
temperature changes. 

8. A structure for mounting a lens compristng: 

5 

a lens cell member (22; 1 02) cepabie of holding 
titeiera (10); 

and a plurality of soft mounts 130) for sup- 
porting ex least a portion of the weight of the 
10 {era, the soft mourrts being oompflarit rn the 

opticBi axis direction so that the structure Is 
substartiany insenslth^ to mteaHgnment of the 
soft mounts In the opticai axis direction. 

15 9. The structure of dalm 8. wherein the soft mounts 
(3B; 130) include a compliant structure (42) which 
bears against a periphery of the lens (10) and does 
not stiksstantiaiy constrain the lens in a radial direc- 
tion of the lens. 

20 

ia The structure of dalm 9, wher«n the compfiant 
structure includes at least one spring member fbr 
supporting at least a portion of the weight of the 



and a spring assennbly (52; 104) mounted on 
each of the racfial flexure mountSa each sprtr^ 
assemlaly Including a compliant damp (54; 
1 1 6) for securing the lens on the seat 
where^ the flexures (28, 30; 109, 110) enable 
the radial flSKure mounts (22; 102} to radlaOy 
t)end to eoconvnodaAa exfiefislon or contrac* 



11. The structure of dalm 9, wherein the compliant 
structure rndudes at least one cantilever blade (42) 
for supporting et leest a portion of the weight of the 

lens. 

12. A method for assembling a structure for holding a 
iens (1 0). the structure inducfing a lens cell memkser 
(20; 100), a radial flexure nrtount (22; 102) coupled 
to the iens cell member, a seat (34) formed on the 
radial flexure rrtount. a clamping assennbly (52; 104) 
mounted on the radial flexure mount, the radial flex- 
ure mount (22; 102) Including features for engaging 
a torque counteraclhig tool (90; 124). the rnefhod 
oomp rising! 

afflxing the dancing assembly (52; '1 04) to the 
radial flexure mount (22; 102) tiy turning at 
least one threaded member (84) through the 
clamping assemtily Into the radial flexure 
mount; and 

simultaneously engaging ttte torque oounter- 
ecting tool (80; 124) witii the radial flexure 
mount (22; 102) and applying a torque to the 
torque counteracting tool to counteract torque 
appDed to the radial flexure mount by turning of 
theth reeded memtier (84). 

ia The method of dalm 12, wherein the clamping 
assembly (52; 104) Includes a spring member (54; 
116) coupled to a damping block (66; 112), the 
spring member ur^ng the damping blook against 
the lens (10) to damp the lens onto the seat 
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